We compared the integrity of the blood-aqueous barrier (BAB) between normal eyes and those with first-time rhegmatogenous retinal detachment (RRD) using the tech nique of anterior segment fluorophotometry. We found significantly greater anterior segment fluorescence in eyes with retinal detachment (p=<.OOl) thereby demon strating quantitatively for the first time that there is significant damage to the BAB associated with RRD. We have also shown that the BAB permeability returns to normal within two months of successful reattachment of the retina . The origin of this transient increase in BAB permeability is unknown but its severity and duration may well be of significance in the pathogenesis of complications associated with RRD such as uveitis, rubeosis and proliferative vitreoretinopathy.
It is well known that anterior uveitis may be associated with rhegmatogenous retinal detachment. Anterior segment fluoro photometry (ASFP) can be used to quantify inflammation in acute anterior uveitis and has been shown to provide a more sensitive and accurate method for detecting changes in per meability than clinical observation using bio microscopy. 1 This study was undertaken in order to determine if there is a significant difference in blood-aqueous barrier (BAB) permeability between normal eyes and those with rhegmatogenous retinal detachment (RRD). Such information may contribute to the understanding of the pathogenesis of com plications associated with rhegmatogenous retinal detachment, such as proliferative vit reoretinopathy (PVR) and rubeosis, where increased vascular permeability may well play a significant role.
Methods

Controls
It has been shown that there is a possible conFrom: St Thomas' Hospital, London SE1 7EH sensual fluorophotometric response following surgical trauma to the other eye. 2 The mech anism of this is unknown and therefore the phenomenon cannot be disregarded when considering the use of fellow eyes of rheg matogenous retinal detachments (RRDs) as controls. It was therefore considered wiser to use healthy volunteers as controls for this study in order to avoid this uncertainty. Con sent was obtained after the nature of the pro cedure had been fully explained to the subjects.
Nine normal subjects received sodium flu orescein 20% w/v 14 mg/kg intravenously on two visits and ASFP scans were preformed on each occasion on both eyes at intervals over the subsequent 240 minutes using the Flu orotron Master (Coherent Radiation). Their mean age was 62 years (range 39-72), three males and six females, all Caucasian and all had visual acuities of at least 6/9 in each eye. None was taking any systemic or eye medi cations or had any eye disease. Subjects were excluded if there was a positive history of severe allergy or cardiorespiratory disease. 
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Lens AC Cornea
Axial Position
Patients chosen for this study had been admit ted to hospital for repair of spontaneous, first time rhegmatogenous retinal detachment in phakic eyes. None was on either topical or systemic anti-inflammatory medications or had a history of severe allergy or cardiorespi ratory disease. Eleven patients took part (six males, five females), mean age 54 years. Ocular para meters recorded were the quadran tic extent of retinal detachment, its probable duration, the number of retinal breaks, presence of PVR and the presence and nature of any path ology in the fellow eye.
Preoperative anterior segment fluoro photometry scans were performed in both eyes of each patient approximately 10 minutes before and exactly one hour following an intravenous bolus injection of sodium fluores cein (20% w/v) 14 mg/kg. The pre-injection scan was taken to check for any abnormal flu orescence as well as to familiarise the subjects with the procedure. The post-injection scan was taken at 60 minutes because previous work shows anterior chamber (AC) levels of fluorescence plateau between 60 and 90 min utes after IV injection of fluorescein. This interval also allows for comparison of our results to be made with other studies.
Following surgery, all patients were dis charged on a standard post-operative regimen of topical treatment (G. dexamethason e 0.1 % qds, G. chloramphenic ol 0.5% qds, G. cyc!opentolate 1 % bd). They were then reviewed at two months post-operativ � ly, not ing the. anatomical result of the surgery and the development of any complications. Fluorophotomet ry scans were then repeated on the operated eye employing exactly the same protocol as used preoperatively. The interval of two months was chosen empirically as it was sufficient time to allow for resolution of the surgically induced inflammatory response.
The data from each scan were analysed using Coherent Radiation dedicated software which gave a mean value of three samples taken at the centre of the anterior chamber along the visual axis. Using the Fluorotron Master, all the results are expressed as total fluorescence in terms of equivalent concenc trations of free sodium fluorescein (ng/ml) ail it is impossible to distinguish between th e various metabolites of fluorescein with this machine. It is accurate to within 8% or less in the range of five to 1000 ng/ml.3 All statistical comparisons in the patient group were made using the Student t-test.
Results
Controls
Typical normal ASFP scans both pre-and post-fluorescein are shown in Fig. 1 . The results from the 36 control eyes over the 120 minutes following intravenous fluorescein (14 mg/kg) are shown in Fig. 2 . Mean anterior chamber fluorescence at 60 minutes ( + / -SD) in these control eyes was 301 ng/ml (+/-108) with a range of 140-560 ng/ml. Analysis of variance (nested) was used to assess the difference between right and left eyes and between first and second visits. We looked at anterior segment fluorescence in two ways: (a) the peak level in the anterior chamber (b) the total area under the curve and the results are shown in Table 1 . Both methods gave similar results, thus emphasis ing the reproducibility of anterior segment fluorophotometry as a scientific technique.
Patients
All the retinas remained flat following a single surgical procedure. Statistical comparisons of anterior segment fluorescence in this group were made using the Student t-test. All para meters observed are summarised in Table II , and the basic statistics shown in Table III . Anterior segment fluorescence of detached eyes was significantly greater than normal controls (p = <.001, Table IV) demonstrat ing quantitatively for the first time that there is significant damage to the BAB associated with rhegmatogenous retinal detachment.
No significant difference was found between the anterior segment fluorescence of normal eyes and re-attached eyes two months post-operatively (p = .411, Table IV ). This demonstrates that BAB permeability returns to normal over this interval following success ful surgery and that the initial increase is pre sumably caused by the pathophysiological events induced by the retinal detachment. A significant positive correlation was found between age and fluorescence in the fellow eye (r = .77, P = .0056, Table VI) confirming a normal variation with age observed in other studies.
No significant difference was found between the anterior segment fluorescence of detached eyes with and without PVR (p = .573, Table V) .
No significant correlation was found between fluorescence and the duration of the detachment (r = .13, P = .7069, Table VI) .
No significant correlation was found between the number of detached retinal quadrants and the fluorescence in that eye (r = .21, P = .5520, Table VI) .
No' significant correlation was found betw e en the number of retinal breaks and the fluorescence in the detached eye (r = .32, P = .5100, Table VI) .
No significant correlation was found between the fluorescence in the fellow eye and the detached eye (r = .23, P = .4882, Table VI ). We therefore failed to demonstrate any consensual change in BAB permeability.
Discussion and Conclusions
The eye is protected from the systemic cir culation by the blood retinal barrier (BRB) Data comparin g an terior chamber fluorescen ce at 60 min utes followin g IV sodium fluorescein (14 mg / kg) in no rmal con trols (group B) with that in test cases (group A). Test cases con sisted of detached ey es preoperatively (R D) , two mon ths post-operatively (post-op) , an d the fellow ey e of the detached ey e preoperatively (fellow). ment. Opacities in the vitreous gel produce reflection artefacts which together with flu orescein pooling in the retrohyaloid space that occurs with posterior vitreous detach ment, render scans uninterpretable. In con trast, anterior segment scans are free from these artefacts and are easily reproduced and interpreted. Iris angiography, which has been previously used to monitor BAB recovery following sur gery, gives only a qualitative assessment5 but anterior segment fluorophotometry enables quantification of the degree and duration of breakdown of the BAB. It is a simple, objec tive and reproducible technique, relatively free from artefacts, which measures fluores cence along the visual axis of the eye in the anterior chamber.
2-tailed
The fluorescence measured is derived from the contributions of the metabolites of intra venous fluorescein which are free fluorescein, fluorescein glucuronide and plasma bound fluorescein and fluorescein glucuronide. There are various ways of using the data from the fluorophotometer6-11 none of which are without problems. The derivation of formulae used to describe the diffusion and perme ability characteristics of fluorescein in the eye involve some basic assumptions that may not be very accurate physiologically, but they give a close approximation. It has been previously shown that anterior segment fluorophotometry can be used to quantify inflammation in acute anterior uvei tis and is more precise and accurate for detect ing changes in permeability than clinical observations of flare and cells. I One might wonder how changes in anterior segment permeability may be caused by changes in the posterior segment. A possible explanation for this is that blood vessels in the iris and ciliary body are much more permea ble than those in the retina. In rabbits, the blood vessels constituting the BAB were more permeable than those of the BRB by a factor of tenI2.13 and similar results were found in man by van Best who correlated permeab ility of the BAB and BRB .14 Being highly per meable, fluorescein acts as an excellent marker to detect increased permeability through the iris and ciliary body. Fluorescence levels in the AC represent permeability changes in the iris and ciliary body (presum ably produced by an inflammatory response) rather than mere washout or overspill of flu orescence from the anterior vitreous gel.
Thus anterior segment fluorophotometry offers a relatively artefact-free, accurate and appropriate method for assessing changes in BAB permeability in the presence of a rheg matogenous retinal detachment.
Our results demonstrate a significantly greater anterior segment fluorescence in phakic eyes with spontaneous first time rheg matogenous retinal detachment than in normal controls. We have also shown that this fluorescence returns to normal levels within two months following successful surgery. The increase in fluorescence is most likely to be due to an increase in BAB permeability, probably induced by local intraocular factors released from damaged retina or RPE. This is indirectly supported by clinical and experi mental evidence. Tsuboi and co-workersl5 found a significant increase in permeability across the RPE in detached eyes with retinal tears compared with fellow eyes used as con trols. In addition, Cantrill and Pedersonl6 have demonstrated a two-fold increase in pos teriorly directed flow of fluid from the vit reous in eyes of monkeys with detached retinas compared with the fellow eye controls. These permeability changes must be induced by some local effect which could be partly mechanical (fluid passing through the retinal break, physical disruption of tissues caused by the separation of the neurosensory retina and RPE) but probably also includes the release of factors that can influence local vascular per meability, thereby inducing the effects that we have observed in the anterior segment.
These anterior segment permeability changes appear to be transient since there is no significant difference between the control group and the re-attached eyes two months post-operatively. These changes are also restricted to the affected eye and not the fel low eye as we found no significant difference between anterior segment fluorescence in the fellow eyes and the control group or between the fellow eye and the detached eye.
The mean anterior segment fluorescence of eyes with PVR (571 ng/ml) was greater than that of eyes without PVR (530 ng/ml) but this difference was not statistically significant in our sample which would need to be larger for proof of significance.
The amount of anterior segment fluores cence was not related to either the duration or extent of the retinal detachment or to the number of retinal breaks.
We did find a significant positive correlation between the age of the patient and the flu orescence in the fellow eye which, since the fellow eye group did not differ significantly from the control group, implies an age-related increase in AC fluorescence which has been previously demonstrated.
I This does not, however, result from an increase in BAB per meability but is a consequence of the increase in plasma fluorescence which has been shown to be age-related.
IS
This study has used anterior segment fluorophotometry to demonstrate a pre viously unreported significant increase in per meability of the blood aqueous barrier in phakic eyes with rhegmatogenous retinal detachment. This may well be a significant factor in the development of complications such as PVR or rubeosis but further studies are needed to establish this. 
